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(54) OPTICAL DEVICE 



(57) A photonic crystal 2 with plasticity is arranged 
by making microspheres of silica or barium titanate or 
air bubbles be contained in a gel substance. When an 
external force is applied to this photonic crystal, phot- 
onic crystal 2 defomns and the photonic band gap is 



readily changed thereby. When the photonic band gap 
changes, the passage of light of a specific wavelength 
Is restricted. Light of a desired wavelength is thus output 
from photonic crystal 2. With this invention, this wave- 
length can be varied readily by means of an external 
force. 
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Description 
Technical Field 

[0001] This invention relates to an optical device us- 
ing a photonic crystal. 

Background Art 

[0002] A semiconductor monocrystat is a substance 
with which specific atoms are aligned in a periodic and 
regular manner. Its electron propagation characteristics 
are determined by the atomic interval inside the semi- 
conductor crystal. That is, a semiconductor has an en- 
ergy band gap, and this energy band gap is determined 
by the wave properties of electrons and the periodic po- 
tential of the atoms. 

[0003] Meanwhile, a photonic crystal Is a three-di- 
mensional structure wherein substances that exhibit a 
potential difference with respect to light, in other words, 
substances with a refractive index difference are aligned 
in a period close to the wavelength of light. Such sub- 
stances that make up a photonic crystal have been pro- 
posed by Yablonovic and others. 
[0004] Within a photonic crystal, the optical propaga- 
tion characteristrcs are limited by the constraints of the 
wave properties of light. That is. the propagation of light 
inside a photonic crystal are subject to restrictions in a 
manner similar to the propagation of electrons in a sem- 
iconductor. In a photonic crystal, a forbidden zone for 
light or so-called photonic band gap exists, and due to 
the existence of this band gap, light of a specific wave- 
length barid cannot propagate inside the crystal. 
[0005] Various photonic crystals have been proposed 
since priorly. For example, there are photonic crystals 
wherein submlcron particles are aligned in a period 
close to the wavelength of light. For microwave bands, 
there are photonic crystals in which polymer spheres are 
aligned within space as the particles. 
[0006] Besides these, there are photonic crystals with 
which polymer spheres are hardened inside a metal and 
thereafter the polymer spheres are dissolved chemically 
to form periodk: microscopic spaces inside the metal, 
photonic crystals with which holes are bored at equal 
intervals within a metal, photonic crystals, with which re- 
gions that differ from their surroundings in refractive In- 
dex are formed in a solid material using a laser, photonic 
crystals, with which a photopolymerizing polymer is 
processed to a groove-like form using a lithography 
technique, etc. A photonic crystal that has been formed 
by such processing has a photonic band gap that is 
uniquely determined by the structure. 
[0007] An optical device using such a photonic crystal 
can selectively output a predetenmined wavelength 
range of input light, in the description that follows, light 
that is input into a photonic crystal shall be referred to 
as "input lighr and light that is output from a photonic 
crystal upon passage through the photonk; crystal shall 



be referred to as "output light.* 
Disclosure of the Invention 

5 [0008] However, with an optical device, since the pho- 
tonic band gap of a photonic crystal cannot be varied 
adequately, the wavelength of the output light cannot be 
varied. This Invention has been made in view of this 
problem, and an object thereof is to provide an optical 

10 device, with which the wavelength of the output tight can 
be varied adequately by means of defomnation by ex- 
ternal force. 

[0009] In order to resolve the above problem, this in- 
vention provides in an optical device, with which an ex- 
's ternal force is applied to a photonic crystal to change 
the photonic band gap of the photonic crystal, an optical 
device with which the photonic crystal has plasticity. 
[0010] Since the photonic crystal of this invention has 
plasticity, when an external force is applied and the pho- 
tonic crystal is deformed, the photonic band gap chang- 
es greatly and the wavelength of the output light from 
the photonic crystal changes adequately. With such an 
optical device, since effective wavelength selection can 
be performed even if the volume of the photonic crystal 
itself is made small, the entire device can be made com- 
pact. 

[001 1 ] This invention's optical device is characterized 
in furthemfiore comprising an external force application 
means for applying the abovementioned external force. 
As the external force application means, various types 
are possible. 

[0012] One type of arrangement is characterized in 
that the external force application means is a piezoelec- 
tric element that deforms In accordance with an electri- 
cal input. In this case, since an external force is applied 
to the photonic crystal by means of defomnation of the 
piezoelectric element by an electrical input, a system 
that perfomris an electrical input based on a specific 
measured value, etc., can be an-anged. 
[0013] Another type of arrangement is characterized 
in that the external force application means is a pressing 
mechanism that presses the photonic crystal in accord- 
ance with a manual Input. In this case, since fine adjust- 
ment of a manually applied external force is enabled in 
an experimental measurement system, the device can 
be applied to basic research on photonic crystals, etc. 
[001 4] Yet another type of arrangement is character- 
ized in that the external force application means is a hol- 
low member, which can be defomied in a manner such 
that its Inner diameter changes, and the photonic crystal 
is disposed inside the hollow member. Since the hollow 
member defonms in a manner such that its inner diam- 
eter changes, the photonic crystal deforms in accord- 
ance with this defomiatlon in a manner such that it ex- 
pands or contracts in the length direction of the hollow 
member. The input light is input from one end in the 
length direction of the photonic crystal and is output from 
the other end. The spreading of light in the radial direc- 



ts 



30 



35 



40 



45 



50 



2 



EP 1 329 758 A1 



tion can thus be restrained and the lowering of intensity 
per unit area of the output tight can be restrained. 
[001 5) Also, an optical device by this invention is char- 
acterized in furthernnore equipping a feedback means, 
which measures a physical quantity that varies in ac- 
cordance with the photonic band gap of the photonic 
crystal and controls the magnitude of the external force 
applied by the external force application means in ac- 
cordance with the measured value. In order to obtain a 
desired photonic band gap. a physical quantity, which 
varies in accordance with the photonic band gap and Is 
preferably the output light intensity or output light spec- 
trum, is measured and the feedback means is made to 
control the external force application means so that the 
intensity of output light or the intensity of a specific 
wavelength will be constant. 

[001 6] Also, an optical device by this invention is char- 
acterized in further more equipping a heater, which 
heats the photonic crystal, and a temperature sensor, 
which measures the temperature of the photonic crystal 
and in that the power supplied to the heater is controlled 
in accordance with the temperature measured by the 
temperature sensor. In this case, since heating is per- 
formed while measuring the temperature of the photonic 
crystal with the temperature sensor, the temperature of 
the photonic crystal can be set to a desired value, which 
is preferably a fixed value, in order to restrict variation 
of the photonic band gap due to temperature. 
[001 7] Also, an optical device by this invention is char- 
acterized in furthennore equipping a container, which 
houses the photonic crystal, and in that the external 
force application means applies pressure in a fixed di- 
rection as the abovementioned external force to the 
photonic crystal that is housed inside the container. In 
this case, the photonic crystal may be held by an outer 
wall of the container to restrict defomiation due to forces 
besides the desired external force and limit the direction 
of defomiation. 

[001 8] Also, an optical device by this Invention Is char- 
acterized in that at least a part of the outer walls of the 
container is transparent or a transparent window is dis- 
posed at this part and light is input into the photonic crys- 
tal via this part. In this case, the input light is input into 
the photonic crystal via the transparent outer wail or win- 
dow, and since the photonic crystal is held by the con^e- 
sponding outer wall, the number of parts can be re- 
duced. 

[0019] The abovementioned photonic crystal is char- 
acterized in that a plurality of microspheres of silica or 
barium trtanate are contained In a gel substance. The 
abovementioned photonic crystal may also be arranged 
to contain a plurality of microscopic spaces fomied in- 
side a gel substance. In such cases, the photonic crystal 
can be defomied readily. 

[0020] Also, an optical device by this invention is char- 
acterized in that the abovementioned container is 
fomned by processing a semiconductor substrate and 
the piezoelectric element is fonmed on the semiconduc- 



tor substrate. In this case, since the photonic crystal is 
disposed in the container, in particular, in an indented 
part formed on the semiconductor substrate and the pi- 
ezoelectric element is formed on this semiconductor 
5 substrate, these components can be fomned using sem- 
iconductor microelectromechanic techniques and the 
entire device can be made compact. 

Brief Description of the Drawings 

10 

[0021] 

Fig. 1 is an explanatory diagram of an optical device 
of an embodiment. 
15 Fig. 2 is a perspective view of a photonic crystal 2. 
Fig. 3 is a graph, showing the wavelength (nm) de- 
pendence of the transmittance (ari^itrary constant) 
of output light by a dichroic mirror. 
Fig. 4 is an explanatory diagram, showing a favora- 
ble example of an optical device. 
Figs. 5A, 5B, and 5C are graphs, showing the wave- 
length (nm) dependence of the transmittance (arbi- 
trary constant) of output light by a dichroic mirror. 
Fig. 6 is a perspective view of a photonic crystal 2 
that uses air bubbles. 

Fig. 7 is an explanatory diagram of an optical device 
of another embodiment. 

Fig. 8 is an explanatory diagram of an optical device 
of another embodiment. 

Fig. 9 is a perspective view, showing the principal 
parts of an optical devk:e that uses a tube-type pi- 
ezoelectric element. 

Fig. 1 0 is an explanatory diagram of an optical de- 
vice of yet another embodiment. 
Fig. 11 Is an explanatory diagram of an optical de- 
vice of yet another embodiment. 
Fig. 12 is an explanatory diagram of an optical de- 
vice of yet another embodiment. 



[0022] Optical devices of embodiments shall now be 
described. Elements that are the same or have the same 
functions shall be provided with the same symbols and 
redundant descriptions shall be omitted. 
[0023] Fig. 1 is an explanatory diagram of an optical 
device of an embodiment. This optical device is a device 
that selects a desired wavelength band from the wave- 
length band of input light and outputs light of this desired 
wavelength band as output light. A photonk: crystal 2 is 
placed on a base 1 , and photonk: crystal 2 is urged by 
a pressurizing/depressurizing device (external force ap- 
plication means) 3, which applies pressure or reduces 
the pressure applied to photonk: crystal 2. 
[0024] Photonk: crystal 2 def onms in a precise manner 
in accordance with the application of an external force 
and is a substance with which the photonic band gap 
changes in accordance with the defomiation. When 
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photonic crystal 2 is deformed by pressurizing/depres- 
surizing device 3, its photonic band gap changes. Pres- 
surlzlng/depressurizing device 3 is controlled by an ex- 
ternal pressure control device (external force control 
means) 4, and extemal pressure control device 4 con- 
trols the magnitude and duration of application of the 
abovementioned external force. 
[0025] The input light is input into photonic crystal 2 
upon passage through a first optical element 5 that al- 
lows propagation of light. Components of specific wave- 
lengths in the input light cannot pass through photonic 
crystal 2 and a predetermined wavelength band is se- 
lected in accordance with the photonic band gap (optical 
response characteristic) and output as the output light 
from photonic crystal 2. The output light is input into a 
second optical element 6 that allows propagation of light 
and is output to the exterior of the present optical device 
via second optical element 6. That is, the optical cou- 
pling characteristic between first and second optical el- 
ements 5 and 6 Is changed by the application of external 
force. 

[0026] The present optical device is an optical device, 
with which the photonic band gap of photonic crystal 2 
is changed by the application of external force to phot- 
onic crystal 2, and photonic crystal 2 has plasticity. Pho- 
tonic crystal 2 may also have elasticity. 
[0027] Since photonic crystal 2 has plasticity, when 
photonic crystal 2 is defomned by the application of ex- 
ternal force, the photonic band gap changes greatly and 
the wavelength of the output light from photonic crystal 
2 thus changes adequately With such an optical device, 
since effective wavelength selection will be enabled 
even when the volume of photonic crystal 2 itself is 
made small, it is possible to make the entire device com- 
pact. 

[0028] Fig. 2 is a perspective view of photonic crystal 
2. 

[0029] With this photonic crystal 2. a plurality of mi- 
crospheres (optical microcrystals) 2B of silica or barium 
titanate are contained inside a gel substance 2G. This 
photonic crystal 2 can be deformed readily. Micro- 
spheres 2B are aligned uniformly in a regular manner at 
a period close to the wavelength of light inside sub- 
stance 2G. The interval between microspheres 2B is 
half to one-fourth the wavelength of the tight that is to 
be selected, and microspheres 2B are transparent to 
this wavelength. When light of a wavelength band AX 
(which includes X^) is made to enter photonic crystal 2, 
only components of a specific wavelength band are 
transmitted through photonic crystal 2 in accordance 
with the photonic band gap. 

[0030] Since a gel is readily defomned by external 
force, the photonic band gap of photonic crystal 2 
changes readily. Due to this change, the abovemen- 
tioned wavelength band that passes through photon- 
ic crystal 2 changes. Microspheres 2B and substance 
2G differ in refractive index and both are transparent to 
the selected wavelength of light. 



[0031] For example, a material having an ultraviolet- 
curing resin mixed therein may be used as a sol material 
and gelling may be accomplished by illuminating this 
material with ultraviolet rays. A mixture of a crossllnking 

5 agent and a photopotymerization initiator in acrylamide 
is a representative example of an ultraviolet-curing res- 
in, and various other examples are known since priorty. 
[0032] Since it is sufficient for the number of periodk: 
structures of microspheres 28 to be approximately 50, 

10 photonic crystal 2 will function adequately even if it is an 
element with a maximum size of lOOfim square. Com- 
pactness of a device can thus be realized by using this 
photonic crystal 2. 

[0033] Fig. 3 is a graph, showing the wavelength (nm) 

'5 dependence of the transmittance (arbitrary constant) of 
output light by a photonic crystal with a multilayer film 
structure, that is, a dichroic mirror. The input light is 
white light. Though this graph is not that of the above- 
described photonic crystal 2, in a case where mlcro- 

20 spheres 2B are aligned at completely equal intervals, 
the optical characteristics for a specific direction will be 
the same as those illustrated in this Figure. With the 
present example, the transmittance of light near the 
wavelength of 400nm is lowered in comparison to light 

25 of the surrounding wavelength bands. 

[0034] The above-described optical device has exter- 
nal force application means 3 for applying the above- 
mentioned extemal force, and various types of external 
force application means are possible. 

30 [0035] Fig. 4 is an explanatory diagram, showing a fa- 
vorable example of the above-described optical device. 
In this case, the above-described external force appli- 
cation means 3 is a piezoelectric element (piezo ele- 
ment) 3', which deforms in accordance with an electrical 

35 input. A voltage variable power supply 4' Is used as ex- 
ternal pressure control device 4. 
[0036] With the present example, piezoelectric ele- 
ment 3' moves in the direction perpendicular to the sur- 
face of base 1 in accordance with the voltage applied 

^0 from power supply 4'. A presser plate 3" is disposed 
above photonic crystal 2, and together with base 1, 
presser plate 3" sandwiches photonic crystal 2. The up- 
per surface of piezoelectric element 3* is set at a position 
that is fixed with respect to base 1 and the lower surface 
is fixed to presser plate 3". Since when piezoelectric el- 
ement 3' expands or contracts, the distance between 
presser plate 3" and base 1 changes, photonic crystal 
2 defomis in an elongating manner along the optical 
path. 

50 [0037] With such an arrangement, since piezoelectric 
element 3* is defomned by an electrical input and applies 
an external force to photonk: crystal 2, a system that 
performs an electrical input based on a specifk: meas- 
ured value, etc., can be arranged. 

55 [0038] Figs. 5A, SB, and 50 are graphs, showing the 
wavelength (nm) dependence of the transmittance (ar- 
bitrary constant) of output light by a photonic crystal with 
a multilayer film structure, that is, a dichroic mirror. Fig. 
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5A is a graph for the case where an external force Is not 
applied to the dichroic mirror, Fig. 5B is a graph for the 
case where a pressure is applied to give rise to a 1% 
lattice distortion in the direction perpendicular to the mir- 
ror, and Fig. 5C is a graph for the case where a pressure 5 
is applied to give rise to a 1% lattice distortion in the 
direction perpendicular to the mirror. A pressure may al- 
so be applied to give rise to a lattice distortion along the 
mirror surface. 

[0039] As shown by these graphs, the wavelength io 
Center which the peak intensity of the reflectance 
spectrum lies is approximately 1 .5^m in the case where 
there is no extemal force. The wavelength ^center 
shifts to approximately 1470nm (to the shorter wave- 
length side) when a 1% compressive strain is applied is 
and shifts to 1530nm (to the longer wavelength side) 
when a 1% expansive strain is applied. 
[0040] Though the characteristics shown in these 
graphs are not those of the photonic crystal 2 shown in 
Fig. 4, the trends of variation of the optical characteris- 20 
tics of photonic crystal 2 are the same as those shown 
in these graphs and the wavelength band of the output 
light varies with external force, in other words, strain. 
[0041] The abovementioned photonic crystal 2 may 
be one with which a plurality of microscopic spaces are 25 
formed and contained in a gel substance. 
[0042] Fig. 6 is a perspective view of a photonic crys- 
tal 2 that uses air bubbles as the abovementioned mi- 
croscopic spaces. This photonic crystal 2 has a plurality 
of air bubbles 2B' inside a substance 2G, and the air 5o 
bubbles 2B' take the place of the abovementioned mi- 
crospheres 2B. Such a photonic crystal 2 can also be 
deformed readily by an extemal force. 
[0043] Fig. 7 is an explanatory diagram of an optical 
device of another embodiment. With this example, a 35 
pressing mechanism 3, which presses photonic crystal 
2 in accordance with a manual input, is arranged as the 
external force application means 3 of Fig. 1 , and besides 
extemal pressure control device being operated manu- 
ally, the arrangement is the same as that of Fig. 1 . Press- 40 
ing mechanism 3 Is equipped with a supporting plate 3a, 
which Is disposed at a position that is fixed with respect 
to base 1 , a screw part 3b, which is engaged with a 
threaded hole provided in supporting plate 3a, and a 
screw feeding mechanism, comprising a screw turning 
head 3c that is fixed to one end of screw part 3b, and a 
presser plate 3" is put in contact with the other end of 
screw part 3b. 

[0044] When head 3c is rotated in a predetermined 
direction, screw part 3b moves in the direction of presser so 
plate 3". Since photonic crystal 2 is fixed by an adhesive 
agent to the lower surface of presser plate 3", as head 
3c is rotated, an external force is applied to photonic 
crystal 2 and photonic crystal 2 defomns in an elongating 
manner along the optical path. Photonic crystal 2 has ss 
plasticity and can also be deformed in a compressive 
and expansive manner. 

[0045] With such an optical system, fine adjustment 
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of a manually applied external force is enabled in an ex- 
perimental measurement system. The present device 
can thus be applied to basic research, etc., on photonic 
crystals. 

[0046] Fig. 8 Is an explanatory diagram of an optical 
devk:e of another embodiment. 
[0047] This optical device is furthermore equipped 
with a container 9 that houses a photonic crystal 2, and 
an external force application means 3 applies pressure 
as an external force In a fixed direction with respect to 
photonic crystal 2 housed Inside container 9. In this 
case, photonic crystal 2 may be held by an outer wall of 
container 9 to restrict defomiation due to forces besides 
the desired external force and limit the direction of de- 
formation. With this example, a piezoelectric element 3' 
is used as external force application means 3. 
[0048] At least a part of the outer wails of container 9, 
that is, the optical path for the input light is transparent. 
Or. a transparent window may be disposed at this part. 
The input light is Input Into photonic crystal 2 via the 
transparent wall or window. The outer wall in the optical 
path for the output light may also be transparent. Since 
photonic crystal 2 is held by the corresponding outer 
wall, the number of parts required of the device can be 
reduced. A tube-type piezoelectric element may also be 
used as external force application means 3 for photonic 
crystal 2, 

[0049] Fig. 9 is a perspective view, showing the prin- 
cipal parts of an optical device that uses a tube-type pi- 
ezoelectric element. Piezoelectric element (hollow 
member) 3', which serves as extemal force application 
means 3, is a tube-type element and this is used as a 
container inside which a photonic crystal 2 is disposed. 
That is, external force applfcation means 3 of this exam- 
ple is a piezoelectric element 3', which is deformable in 
a manner such that Its inner diameter changes, and the 
photonic crystal is disposed inside piezoelectric element 
3'. 

[0050] Piezoelectric element 3' defomis In a manner 
such that its inner diameter changes, and in accordance 
with this defomiation, photonk: crystal 2 defomns in a 
manner such that it expands or contracts in the length 
direction of the hollow piezoelectric element. The Input 
light IS input from one end in the length direction of pho- 
tonic crystal 2 and the output light is output from the oth- 
er end. Spreading of light In the radial direction can thus 
be restrained, and by use of this type of piezoelectrb 
element, the lowering of intensity per unit area of the 
output light can be restrained. 
[0051 ] Fig. 1 0 Is an explanatory diagram of an optical 
device of yet another embodiment. This optical device 
differs from that shown in Fig. 4 in that a window member 
1 0 is adhered onto the light input surface of a photonk: 
crystal 2, and besides this, the arrangement is the same 
as that shown in Fig. 4. The input light that exits from a 
first optical element 5 is introduced via window member 
10 into photonic crystal 2. With this embodiment, the 
light input surface of photonk: crystal 2 can be protected 
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by means of window material 10, Window material 10 
may also be an optical filter. 

[0052] Fig. 1 1 is an explanatory diagram of an optical 
device of yet another embodiment. This optical device 
differs from that shown in Fig. 1 0 in that a window mem- 
ber 1 0 is adhered onto the light output surface of a pho- 
tonic crystal 2 as well and in that a feedback means (op- 
tical characteristic measurement equipment 11 and 
power supply 4' ) , which measures a physical quantity 
that varies in accordance with the photonic band gap of 
photonic crystal 2 and controls the magnitude of the ex- 
ternal force applied by external force application means 
3 in accordance with the measured value, is provided, 
and besides these, the arrangement is the same as that 
shown In Fig. 10. 

[0053] In order to make the photonic band gap of pho- 
tonic crystal 2 a desired photonic band gap, a physical 
quantity, whk:h varies in accordance with the photonic 
band gap and is preferably the output light Intensity or 
output light spectmm, is measured and feedback means 
1 1 and 4' are made to control external force application 
means 3 so that the intensity of output light or the inten- 
sity of a specific wavelength wilt be constant. 
[0054] To be more detailed, the light that has been 
modulated by photonic crystal 2 is subject as the output 
light to measurement of its intensity spectrum by optical 
characteristic measurement equipment 11 and piezoe- 
lectric element 3', which serves as a structure control 
device, is subject to feedback control so that the meas- 
ured data will take on a specific value. For example, if 
the intensity of a specific wavelength that is measured 
is tow, piezoelectric element 3' is made to expand or 
contract in a predetennined direction and when this 
causes the intensity to increase, piezoelectric element 
3' is made to expand or contract in the same direction, 
while when the intensity decreases, piezoelectric ele- 
ment 3' is made to expand or contract in the opposite 
direction. 

[0055] By this feedback control, the output light re- 
sponse characteristics of photonk: crystal 2 can be sta- 
bilized and made high In precision. 
[0056] Photonic crystal 2 may also be produced using 
semkjonductor mfcroelectromechanrc (MEMS) tech- 
niques. For example, the abovementioned container is 
formed by processing a semiconductor substrate and 
piezoelectric element 3' is formed on this semiconductor 
substrate (not shown). In this case, since photonic crys- 
tal 2 is disposed in the container, in partk:ular, in an in- 
dented part fomned on the semiconductor substrate and 
piezoelectric element 3' is fomied on this semiconductor 
substrate, semiconductor mrcroelectromechanic tech- 
niques can be used to fonn these components and 
make the entire device compact. Needless to say, a driv- 
ing circuit for piezoelectric element 3', a power supply, 
a photodiode with wavelength filter, etc., may also be 
formed within the semiconductor substrate. 
[0057] Semiconductor microelectromechanic tech- 
niques are also used to prepare, for example, the probe 



of a scanning tunnel mbroscope. This probe is provided 
with a piezoelectric element and expansion and contrac- 
tion of the piezoelectric element can be controlled In the 
order of a few nm's. 

s [0058] Fig. 1 2 is an explanatory diagram of an optical 
device of yet another embodiment. This optical device 
differs from that shown in Fig. 11 in being equipped with 
a heater 1 2, a temperature sensor 1 3, and a heater pow- 
er supply 1 4, and besides these, the arrangement is the 

10 same as that shown in Fig. 11 . 

[0059] With this optical device, heater 1 2. which heats 
a photonic crystal 2, is disposed on a base 1 . Temper- 
ature sensor 13, which measures the temperature of 
photonic crystal 2, is also disposed on base 1 . These 

'5 are positioned close to photonic crystal 2. Heater power 
supply 14 controls the power supplied to heater 12 in 
accordance with the temperature measured by temper- 
ature sensor 13. 

[0060] With this embodiment, since photonic crystal 
20 2 is heated while its temperature Is measured by means 
of temperature sensor 13, the temperature of photonk: 
crystal 2 can be set to a desired value, which is prefer- 
ably a fixed value, to restrain variation of the photonfc 
band gap due to temperature. Heater 12 and tempora- 
ls ture sensor 1 3 may also be fomned in a monolithic man- 
ner using IVIEMS techniques. 

[0061] A Fabry-Perot interferometer and multilayer 
film mirror (dichrolc min^or) are also 0-dimensional or 
1 -dimensional photonic crystals. Photonic crystal 2 may 

30 be applied to such uses. With a soft photonic crystal 2, 
such as described above, it is anticipated that further 
research will be carried out on the stability of the sizes 
and alignment of microspheres 2B or air bubbles 28*, 
mechanical precision for improving the controllability, 

35 long-temn stability of the gel, temperature stability, meth- 
ods of connection with optteal fibers and other optical 
parts, gel-sealing containers, external force application 
mechanisms that can apply the same external force 
each time. etc. 

40 

Industrial Applicability 

[0062] This Invention can be used in an optical device 
that uses a photonic crystal. 

45 

Claims 

1. An optical device, with which an external force is 
50 applied to a photonic crystal to change the photonic 
band gap of said photonic crystal, wherein said pho- 
tonic crystal has plastk:ity. 



55 



2. The optical device as set forth in Claim 1 , further- 
more comprising an external force application 
means for applying said external force. 

3. The optical devtee as set forth in Claim 2, further- 
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more comprising a feedback means, which meas- 
ures a physical quantity that varies in accordance 
with the photonic band gap of the photonic crystal 
and controls the magnitude of said external force 
applied by said extemal force application means in s 
accordance with the measured value. 

4. The optical device as set forth in Claim 1 , further- 
more comprising a heater, which heats said phot- 
onic crystal, and a temperature sensor, which io 
measures the temperature of said photonic crystal, 
and wherein the power supplied to said heater is 
controlled in accordance with the temperature 
measured by said temperature sensor. 

15 

5. The optical device as set forth in Claim 1 , further- 
more comprising a container, which houses said 
photonic crystal, and wherein said external force 
application means applies pressure in a fixed direc- 
tion as said external force to said photonic crystal ^ 
that is housed inside said container. 

6. The optical device as set forth in Claim 5, wherein 
at least a part of the outer walls of said container is 
transparent or a transparent window is disposed at ^5 
this part and light is input into said photonic crystal 

via said part. 

7. The optical device as set forth in Claim 1 , wherein 
said photonic crystal has a plurality of microspheres 30 
of silica or barium titanate contained in a gel sub- 
stance. 

8. The optical device as set forth in Claim 1 , wherein 
said photonic crystal has a plurality of microscopic 35 
spaces formed and contained inside a gel sub- 
stance. 

9. The optical device as set forth in Claim 2, wherein 
said external force application means is a piezoe- 40 
lectric element that defomis In accordance with an 
electrical input. 

10. The optical device as set forth in Claim 2, wherein 
said extemal force application means is a pressing ^5 
mechanism that presses said photonic crystal in ac- 
cordance with a manual input. 

11. The optical device as set forth in Claim 2, wherein 
said extemal force application means Is a hollow 50 
member, which can be defomned in a manner such 
that its inner diameter changes, and said photonic 
crystal is disposed inside said hollow member. 

12. The optical device as set forth in Claim 5, wherein S5 
said container is formed by processing a semicon- 
ductor substrate. 
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Fig. 5 A 
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